The interactions between bait proteins and prey proteins are often critical in many biological processes, such as the formation of macromolecular complexes and the transduction of signals in biological pathways. Thus, identifying all protein-protein interactions is an important task in those processes, which can be formulated as a group testing problem in bipartite graphs. In this paper, we take the advantages of the characteristics of bipartite graphs and present two nonadaptive algorithms for this problem. Furthermore, we illustrate a generalization of our solution in a more general case.
Introduction
Recently, many applications of group testing have been found in molecular biology, such as DNA library screening [6, 7, 16] , physical mapping, contig sequencing, and gene detection [3] . Motivated by those applications, some new models for group testing have been proposed. Especially, the group testing in a complex model has been studied extensively [9, 10, 14, 15] . The group testing in a bipartite graph is a special case of the group testing in a complex model. It plays an important role in the identification of protein-to-protein interactions [13] . The interactions between bait proteins and prey proteins are often critical in many biological processes, such as the formation of macromolecular complexes and the transduction of signals in biological pathways. Thus, identifying all protein-to-protein interactions is an important task in those processes.
In the formulation of protein-to-protein interaction, all bait proteins are represented by the vertices which form a set A, all prey proteins are represented by the vertices which form another set B, and the interaction between a bait protein and a prey protein is represented by an edge connecting a vertex in A that represents the bait protein and a vertex in B that represents the prey protein. An edge is positive if there exists an interaction between its two endpoints, otherwise, the edge is negative. A test is conducted on a pool consisting of a subset C of A and a subset D of B. The test outcome is positive if there is an interaction between a vertex in C and a vertex in D, i.e., the edge connecting these two vertices is positive, otherwise, the test outcome is negative. A pool is said to be positive if the test outcome on the pool is positive, and negative otherwise. This model is called the group testing in a complete bipartite graph K A,B .
Usually, group testing can save a lot of effort compared with individual testing. j = 1, ..., d, since for j = 1, ..., d , either x j = x 0 or y j = y 0 , which means that either x j or y j has a 0-entry at row < i, i >. 2
The Second Construction
The second construction is a modification of the construction given in [4] for general d(H)-disjunct matrices in a complex model.
Consider a bipartite graph G = (A, B, E).
Let GF (q) be a finite field of order q. For each vertex u ∈ A, we associate it with a polynomial f u of degree k − 1 over GF (q) and for each vertex v ∈ B, we associate it with a polynomial g v of degree k − 1 over GF (q) . Thus, each edge e = (u, v) of G would be associated with a pair of polynomials (f u , g v ).
We first construct a t×|E| matrix A G (q, k, t) with the rows labelled by t elements in GF (q) and the columns labelled by all the edges of G such that each cell (x, e) contains a vector (f u (x), g v (x)) where e = (u, v). Proof. Suppose to the contrary that such a row does not exist. Then at any row, the entry of C 0 equals the entry of C j for some j ∈ {1, 2, ..., d}. Thus, there exists a j ∈ {1, 2, ..., d} such that the entries of C 0 equal the corresponding entries of C j at at least k rows. Let e 0 = (u 0 , v 0 ) and e j = (u j , v j ) be the edges associated with columns C 0 and C j , respectively. Then f u0 (x) = f uj (x) and g v0 (x) = g vj (x) for at least k distinct values of x. Therefore, f u0 = f uj and g v0 = g vj . Hence, e 0 = e j , a contradiction.
2 k, t) . B G (q, k, t) has |A ∪ B| columns labelled with all the vertices of G. For each row x of A G (q, k, t) and each entry (y, z) at row x, we construct a row with label < x, (y, z) > for B G (q, k, t) such that the cell (< x, (y, z) >, u) for u ∈ A contains an 1-entry if and only if f u (x) = y and cell (< x, (y, z) >, v) for v ∈ B contains an 1-entry if and only if g v (x) = z.
Proof. Consider d + 1 edges e 0 , e 1 , ..., e d of G. By Theorem 3.1, A G (q, k, t) has a row x such that the entry (y, z) in cell (x, e 0 ) does not equal the entry in cell (x, e j ) for all j = 1, 2, ..., d. This means that the row < x, (y, z) > of B G (q, k, t) corresponds to a pool which contains e 0 , but not e j for all j = 1, 2, ..., d. Therefore,
A Generalization
Both of the constructions in Sections 2 and 3 can be generalized in the following way.
Consider a hyper-graph G = (V, E) . Suppose G is c-colorable, that is, G can be partitioned into c disjoint independent sets with different colors. Let GF (q) be a finite field of order q. For each vertex u ∈ V , we associate it with a polynomial p u of degree k − 1 over GF (q) such that for two vertices u and v with the same color, p u and p v must be distinct and for two vertices u and v with different colors, p u and p v are not necessarily distinct.
We first construct a t×|E| matrix A G (q, k, t) with the rows labelled by t elements in GF (q) and the columns labelled by all the edges of G such that each cell (x, e) contains a set Proof. Suppose to the contrary that such a row does not exist. Then at any row, the entry of C 0 contains the entry of C j for some j ∈ {1, 2, ..., d}. Thus, there exists a j ∈ {1, 2, ..., d} such that entries of C 0 contain the corresponding entries of C j at at least k rows. Let e 0 and e j be the edges associated with columns C 0 and C j , respectively. Consider a vertex u ∈ e j . Suppose u is in color i. Then e 0 must contain a vertex v in color i and p v (x) = p u (x) for at least k values of x. Hence, p v = p u , contradicting the assignment of polynomials.
2
has |V | columns labelled with all the vertices of G. For each row x of A G (q, k, t) and each entry Q) at row x, we construct a row with label < x, Q > for B G (q, k, t) such that the cell (< x, Q) >, u) contains a 1-entry if and only if u is in color i and p u (x) = y for (y, i) ∈ Q.
Proof. Consider d + 1 edges e 0 , e 1 , ..., e d of G. By Theorem 4.1, A G (q, k, t) has a row x such that the entry Q in cell (x, e 0 ) does not contain the entry in cell (x, e j ) for all j = 1, 2, ..., d. This means that the row < x, Q > of B G (q, k, t) corresponds to a pool which contains e 0 , but not e j for all j = 1, 2, ..., d. Therefore,
Note that the number of the rows in B G (q, k, t) is bounded by t qc r where r is the maximum number of vertices on an edge of G and c is the number of the colors. Therefore, we would prefer to have less colors. This implies an interesting application of hyper-graph coloring problem.
Conclusion
In this paper, we study how to identify all protein-protein interactions between bait proteins and prey proteins which is critical in many biological applications.
We formulate the problem as a group testing problem in bipartite graphs. Two nonadaptive algorithms are proposed. Another generalization of our idea in a more general case is also discussed.
